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PREFACE

We have several books dealing with the history of
chemistry; there are a number of biographies of pioneer
chemists; but, so far as I am aware—and this includes
books in French and German as well as in English—
the chemists of our time have been ignored completely.
The Dickenses and Thackerays of chemistry have
received attention—not any too much, to be sure; but
the moderns, the Anatole Frances and Wells, have
received none.

To fill such a want is the object of this work. How
much these men and woman who are here treated are
of our time may be gauged from the following: of the
‘eleven whose lives and work are discussed, one died in
:'51897 (through suicide, be it added); three, in 1907;
‘one, in 1911; one, in 1916; 0ne, in 1919; and four are
still alive.

The question may very naturally be asked, why were
just these eleven selected? To this I would answer,
that, with the historical perspective in mind, I wished
to revidw the achievements of those men whose work
is indissolubly bound up with the progress of chemistry
during the last generation or so. I wished, then, to
write a history of chemistry of our times by centering it
around some of its leading figures.

This book aims to fill the wants of three classes of men:

1. The chemist who wishes an account of the labors of
v






PREFACE

and the late Prof. R. Meldola, Finsbury College, London,
England; to my colleagues, Dr. E. G. Miller, Jr.,
Columbia Univ., and Mr. J. E. Whitsit, De Witt Clinton
High School, N. Y.; and to my wife.

I wish also to thank the editors of Science, the Journal
of the Franklin Institute and Scientific Monthly for
. permission to reprint some of the articles.

BENJAMIN HARROW
New York, 1920, .

1 The work as originally written consisted of two parts: the
¢ lives " (which constitutes the present volume) and the * work.”
The Iatter was an exhaustive review of the scientific work of the
chemists under discussion. Complete bibliographies were ap-
pended to each article. However, as my intention was to write a
popular volume, and as the second portion dealing with the
 work ” would have unduly enlarged the book, I decided to post-
pone publishing this part for the present.
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The various items discussed in this introduction may
now be tabulated in chronological order:

1661.
1777.
1808.
1811.
1828.

. 1856.

1858.
1865.
1869.
1874.

1876.

1884. '

188s.

1886.
1887.
1887.
1894.
1898.
1913.

1914.

Boyle: elements.

Lavoisier: combustion and conservation of mass.

Dalton: atomic theory.

Avogadro: molecules.

Wohler: synthesis of urea—the first case of the
artificial production of a typical animal product.

Perkin: discovery of mauve, the first dye ob-
tained from coal-tar.

Cannizzaro: atom and molecule.

Kekulé suggests ring formula for benzene.

Mendeléeff: periodic system of the elements.

van’t Hoff and Le Bel: structural chemistry
(theory of the asymmetric carbon atom).

Remsen is appointed professor of chemistry at
Johns Hopkins University.

Victor Meyer discovers thiophene, opening up
an immense chapter in organic chemistry.

Emil Fischer begins work on the synthesis of
sugars,

Moissan: isolation of fluorine.

van’t Hoff: theory of solution.

Arrhenius: theory of electrolytic dissociation.

Ramsay and Raleigh discover argon.

Mme. Curie: radium.

Moseley: atomic numbers (see the article on
Richards). -

Richards: radioactive lead.

xvi
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EMINENT CHEMISTS OF OUR TIME

losis and cholera. And coal-tar dyes are to-day used
in every histological and bacteriological laboratory.

So rapid had been the progress of the industry that in
1861, Perkin who, though only 23, was already recog-
nized as the leading English authority, was asked by the
Chemical Society to lecture on coloring matters derived
from coal-tar, and on this occasion the great Michael
Faraday, who was present, warmly congratulated Perkin
upon his fine lecture.

Such dimensions has the coal-tar industry assumed
since then that in 1913, at one single factory, the Baeyer
works, in Elberfeld, Germany, there were employed
8,000 workman and 330 university trained chemists.

Says Punch:

There’s hardly a thing that a man can name
Of use or beauty in life’s small game

But you can extract in alembic or jar

From the “ physical basis ” of black coal-tar—
Oil and ointment, and wax and wine,

And the lovely colors called aniline;

You can make anything from a salve to a star,"
If you only know how, from black coal-tar.

In his little laboratory at the factory the various
attempts made in improving the methods of manu-
facture were not the only time-consuming factors. The
chemical constitution of mauve and related dyes, as
well as purely organic questions not in any way related
to dyes, also engaged Perkin’s attention, and he began
to contribute what was to prove an uninterrupted stream
of papers to the Transactions of the Chemical Society
In 1866 he was elected to a Fellowship in the Royal
Society. '

The year 1868 is memorable in the annals of chemistry
as dating the first artificial production of alizarin, the
important coloring matter which until then had been

8
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The purification of the anthracene so obtained, the
details of the entire process of manufacturing alizarin,
and the types of apparatus to be employed, were all
exhaustively investigated. By the end of 1869 one ton
of the coloring matter in the form of a paste had been
made. This was increased to 40 tons in 1870, and to
220 tons in 1871. Until 1873, when the Germans also
began manufacturing it, the Greenwood Green works
were the sole suppliers.

In 1874 Perkin sold his factory, and from henceforth
devoted himself exclusively to pure research.

Perkin exemplifies the type, more common than is
often supposed, though one entirely beyond the compre-
hension of the average business man, who loves the
quiet pursuit of research beyond aught else. Perkin
exploited his discovery solely with the view of pro-
viding himself with an income, modest in the extreme,
but sufficient for his extremely simple wants. To
explore unknown fields at leisure and to be freed from
all money matters whilst doing so, were his aims.

‘When Perkin left the Royal College of Science at 17 he
had this in mind. Financial insecurity may spur you
on, but to give the very best that is in you requires
freedom from such burdens.

What led him to give up the factory and to devote him- -
self exclusively to pure science was sheer love of the
subject. It is the type of love which, when associated
with genius, has led to the world’s greatest literary and
artistic productions.

After 1874 Perkin moved to a new house in Sudbury,
and continued to use the old one as the laboratory.

His research work from now on touched but lightly
upon the dye situation. Until 1881 it centered much
around the action of acetic anhydride on a group of
organic compounds known as aldehydes. The first im-
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gatherings were held in his honor in New York, Boston,
‘Washington, etc.

In New York a dinner was tendered him at Del-
monico’s, with the veteran Prof. Chandler, of Columbia,
in the chair. Dr. W. H. Nichols presented him with the
first impress of the Perkin Medal, since awarded annu-
ally to the American chemist who has most distinguished
himself by his services to applied chemistry; and Dr.
W. F. Hillebrand, president of the American Chemical
Society, presented the diploma of honorary membership
of the society to the guest of the evening. Other
speakers included President Ira Remsen of Johns
Hopkins, Prof. Nernst of Berlin, and Dr. W. H. Wiley,
chief chemist of the Dept. of Agriculture, Washington.

Perkin died on July 14, 1907.

-Aside from his scientific achievements, Perkin’s life
was extremely uneventful. To him his science was his
life, and he seems to have had no avocation. We find
no romantic dash, no such many-sidedness, as char-
acterised his great countryman, Ramsay, for example.
With modesty carried to the extreme, only the privileged
few knew anything of the man, and even Prof. Meldola,
an intimate friend of many years’ standing, could give
but few personal touches of the man in his otherwise
excellent obituary address, delivered to the members of
the Chemical Society. “. .. I thank God, to whom I
owe everything, for all His goodness to me, and ascribe
to Him all the praise and honor.” This was Perkin’s
review of his life in 1906. A blameless Christian, a
perfect gentleman, a fine type of the old conservative,
he lived unobtrusively, worked quietly and intensively,
worshipped God, and respected his neighbor. To us,
living in days of turmoil and upheaval, such a personage
already belongs to an age long past.

16 '



WILLIAM HENRY PERKIN

Perkin was twice married. His first wife was a
daughter of the late Mr. John Lisset. Some years after
her death he married a daughter of Mr. Herman Molwo.
Mrs. Perkin, three sons, and four daughters, survive
him.
His sons are all noted chemists. One of them, Arthur
George, is a technical expert, and another, William
Henry, is professor of chemistry at Oxford. This Ox~
ford professor is without doubt the foremost organic
chemist in England to-day. His work on polymethyl-
enes, alkaloids, camphor, terpenes, etc., is of the highest
order, .

Like that other grand Englishman, Darwin, Perkin,
the genius, begot Perkins of genius. Not always are the
Gods so kind to the children of geniuses.

To great ends and projects had thy life been given;

Right well and nobly has the goal been won;

For this, O Great Discoverer, thou hast striven;

Take, then, our thanks, for all that thou hast done.
(Nora Hastings,—dedicated to Perkin.)

References

Much of the biographical material has been supplied
by Perkin himself in his Hofmann Memorial Lec-

ture (1). Prof. Meldola’s appreciative article (2) is -

largely based on this, though valuable additional ma-
terial, particularly that relating to the technical develop-
ment of Perkin’s dye, is to be found here. The Jubilee
volume (3) contains interesting items. Perkin’s sci-
entific papers were published in the Journal of the Chem-
ical Society (London). '

1. W. H. Perkin: The Origin of the Coal-Tar Industry, and the

_Contributions of Hofmann and his Pupils. Journal of the
Chemical Society (London), 69, 556 (1886).
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2. Raphael Meldola: Perkin Obituary Notice. Journal of the
Chemical Society (London), 93, 2214 (1908).

3. R. Meldola, A, G. Green, and J. C. Cain: Jubilee of the Dis-
covery of Mauve and of the Foundation of the Coal-Tar
Color Industry by Sir W. H. Perkin. (Printed by G. E.
Wright, at the Times Office, London, and published by the
Perkin Memorial Committee, 1906.)
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EMINENT CHEMISTS OF OUR TIME

The Korniloffs belonged to an old Russian family that
had settled in Tobolsk early in 1700. They were the -
first to introduce the manufacture of paper and glass in
Siberia. In 1787 Maria’s father established a printing
press at Tobolsk, and two years later he began the publi-
cation of the Irtysch, the first newspaper ever published
in Siberia.

A family tradition had it that in a previous generation
one of the Korniloffs had married a Khirgis Tartar
beauty, thereby admixing their pure Russian with
Mongolian blood. Some of the descendants showed
unquestionable oriental features, but not Dmitri, the
chemist.

Mendeléeff’s name has been spelled in any number of
ways. Sometimes. it has appeared as Mendeleyef,
sometimes’' Mendelejef, at other times Mendelejeff,
and still again Mendéléeff, Mendelejew, and Men-
deléeff. We have selected the last as perhaps the least
confusing to English ears.

Dmitri, Iwan and Maria’s youngest child, was his
mother’s pet,.who referred to him in the endearing
diminutive, Mitjenka.

Soon after Dmitri’s birth his father became blind
from a cataract in both eyes, and this terrible calamity
forced him to resign from his position at the ggmnasium.
The government’s grant of a pension of one thousand
rubles ($500) was hardly enough to keep body and soul
together.

At this stage Dmitri’s mother, despite the invalid on
her hands, and the eight remaining children that needed
attention, took charge of glass works belonging to her
family, and directed the factory for a number of years
with surprising efficiency.

"Dmitri showed an exceptional mnemory from the first.
When seven years old he was sent to the gymnasium at

20
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Tobolsk, and here he excelled in mathematics, physics
and history, but for languages, and particularly Latin,
he showed no inclination. To his last day his repug-
nance for the classics never left him.

To Tobolsk many of Russia’s political prisoners were
sent. In those days some of them belonging to the
Dekabrists were there. The Dekabrists were a group
of literary men who headed a revolution in 1825 with

“the object of establishing a constitutional government in
Russia. The scheme ended in failure. Five of the
leaders were executed, and many of the others were
exiled to Siberia. Among these exiles in Tobolsk was
one, Bessagrin, who eventually married one of Dmitri’s
elder sisters, Olga, and it was from this Bessagrin that
Dmitri received his * coaching ” in science, and his
enthusiasm for it.

In 1849, in his sixteenth year, Mendeléeff graduated
from the gymnasium. But for his deficiency in the
classics he might have obtained a government stipend
to continue his studies at a University. As it was, the
government refused all help.

Two years before this, in 1847, Mendeléeff’s father
died of consumption, and to add to the mother’s plentiful
store of troubles, the glass works which she had managed
so ably, were completely destroyed by fire.

Nothing daunted, and despite her age—she was 57
then—MTrs. Mendeléeff, with the two remaining children
ghe still had to care for, Dmitri and his sister Elizabeth,
left her native city for Moscow.

She had hoped that in Moscow Dmitri could be
entered as a student of the university. But there were
stumbling blocks, Dmitri’s record did not show that
he had been at the head of his class. Neither did
Dmiitri’s mother know any people of political importance,
and without such acquaintances the only other way of

21
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of the physical properties of liquids. In Heidelberg the
young Russian went so far as to set up a laboratory of
his own.

Perhaps the most significant event in his European
travels was his attendance at the Karlsruhe Congress of
Chemists in 1860. Here occurred the battle royal on
atomic weights, led by the Italian, Cannizarro, which
ultimately paved the way for our present well-defined
system of chemical structures. Who can doubt that
Cannizarro’s exposition of the fundamental necessity of
. atomic weights for elements gave Mendeléeff ideas con-
cerning possible relationships among the elements?

On his return to Petrograd in 1861, Mendeléeff was
granted the Doctor of Science degree for a thesis on the
combination of alcohol with water. Soon afterwards he
was appointed Professor of Chemistry at the Techno-
logical Institute.

The general dearth of good chemistry text-books in
the Russian language led Mendeléeff to write one on
organic chemistry. His amazing industry is shown by
the fact that he completed this book of 500 pages in two
‘months! In spite of the rapidity with which it was writ-
ten, the book established itself as the best of its kind
in the language, and the Domidoff Prize of the Petro-
grad Academy was awarded the author.

In 1869, at the age of thirty two, Mendeléeff was
appointed Professor of General Chemistry at the Uni-
versity. His colleague in the organic chemistry depart-
ment, Butlerow, was Fischer’s principal forerunner in
synthetic work on the sugars.

Despite lectures, supervision of the laboratory and
various executive duties, Mendeléeff translated Wag-
ner’s Chemische Technologie, a work of several vol- .
umes, into Russian, and was very active in research
work.

24
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In March, 1869, Mendeléeff presented to the Russian
Chemical Society his immortal paper on The Relation
of the Properties to the Atomic Weights of the Ele-
ments.

Mendeléeff was not the first to believe that the ele-
ments were not merely disconnected elementary bodies.
Thus Débereiner in 1829 pointed out that a number of
the elements could be grouped in * triads ” in such a
way that the arithmetic mean of the atomic weights of
the first and third would give that of the second.

At this point some idea of atomic weight must be
given the general reader. Atomic weight sounds like
the weight of an atom. That, in reality, is quite an
exaggeration. Atoms are much too small to be seen,
let alone weighed. The number representing the
atomic weight of an element is not the absolute but the
relative weight of the atom. Thus, when we say that
the atomic weight of nitrogen is 14 we mean that its
atom is 14 times as heavy as the atom of hydrogen
(which, because it is the lightest element known, is
taken as unity), or that its weight is 14 if the weight of
the atom of oxygen is 16. We can get such numbers by
weighing many millions of atoms of each element (con-
stituting small particles which can be seen) and then
comparing their weights with the weight of a standard
element such as hydrogen or oxygen. The actual details
are too technical to be discussed here.

Dumas, some thirty years after Digbereiner, ad-
vanced a similar hypothesis, extending it to groups in
organic chemistry. But to Newlands, an Englishman,
belongs the honor of having been the first to see fairly
clearly how the eighty-odd elements could be grouped
to show their relationships. In a paper read before the
English Chemical Society in 1866, Newlands showed
that the elements could be arranged in groups of eight

35
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along horizontal lines in such a way that elements in the
vertical columns would be those with similar properties.
The law of octaves was given to this grouping of
eights.

The reception of the theory by Newland’s fellow-
chemists was anything but encouraging. One ostenta-
tious busybody wished to know whether Newlands had
tried to arrange the elements according to their initial -
letters! Another suggested new possibilities in the
field of music with the law of octaves! The upshot of
the affair was that poor Newlands was sent home thor-
oughly ridiculed, and his paper was refused publication
in the society’s journal. That, however, did not prevent
the Royal Society from making some amends twenty-
one years later by awarding him its Davy Medal for
the very paper which its sister organisation had refused
to print!

It must be added, however, in excuse for the scep-
ticism of the scientists of the day, but in no excuse for
their arrogance, that Newlands had not put his theory
to as thorough a test as he might have done. Im its
incompleted form its suggestions were too vague for men
steeped in experimental work.

‘But Mendeléeff’s paper three years later removed
most of the objections, and forced the attention of the
chemists to his scheme. Mendeléeff left nothing for
granted; his statements were accompanied by rigorous
experimental proofs.

It will be seen from the table on p. 27 that when the
elements are grouped in the ascending order of their
atomic weights they exhibit an evident periodicity of
properties; thus the ninth, neon, resembles the first,
helium,! the tenth, sodium, resembles the second,

1 Hydrogen, the lightest element, does not find an appropriate
place in the table.

26
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EMINENT CHEMISTS OF OUR TIME

lithium, and so on. In other words, the elements in
the vertical columns show striking similarities in proper-
ties. Such is the gist of this law, though its details are
much more complicated.

What were its immediate results? To begin with, a
number of the elements did not fit in with Mendeléeff’s
scheme. Forthwith Mendeléeff announced that the
fault lay with incorrect atomic weights which had been
assigned these elements.

Mendeléeff proved right in all such cases. Thus, to
take one example, the then accepted atomic weight for
gold was 196.2; accordingly it should have been placed
before such elements as platinum, iridium and osmium,
with atomic weights of 196.7, 196.7 and 198.6 respec-
tively. But Mendeléeff insisted upon putting gold after
these elements, claiming that their atomic weights, and
not his table needed revision. Subsequently, & revision
of their atomic weights gave these results:

Osmium 190.9, Iridium 193.1, Platinum 195.2 and
Gold 197.2, which was precisely the order in which
Mendeléeff had originally placed them. .

But Mendeléeff did something far more daring. The -
grouping according to Mendeléeff’s scheme resulted in
certain gaps being left unfilled. This, said Mendeléeff,
was due to elements which awaited discovery. By a
careful consideration of the properties of adjacent ele-
ments the great Russian predicted the properties of these
undiscovered elements.

A case will be cited. To one of these unknown ele-
ments Mendeléeff gave the name ekasilicon, and certain
properties were predicted for it. In 1886 Winkler dis-
covered germanium, which showed identical prOpertles
with this ekasilicon, as the following companson will
show:

28
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Mendeléeff’s Winkler'’s

Ekasilicon Germanium

Atomic weight............. Es, 72 Ge, 72.5
Density................... Es, 5.5 Ge, 5.460
Density of oxide. .......... EsO,, 4.7 GeO;, 4.703
Density of chloride......... EsCl,, 1.9 GeCly, 1.887

- . Less than 100 86 degrees
Boiling point of chloride. . . i s centigrade __'denl' de
Density of ethide.. ... .. ... Es(C;Hy),, 0.96 {g:f;n‘) o less
Boiling point of ethide. . ....160° 160°

These wonderful predictions did more to convince
scientists of the validity of the law than anything else
could have done. The soundness of a theory is best
exemplified by the use to which it can be put. Does it
explain anomalies? Does it guide along future paths
of investigation? The Periodic Law has more than ful-
filled these requirements. As a beacon it stands out
as prominently in the history of chemistry as does
Dalton’s Atomic Theory, which is at the very foundation
of our science to-day. Some of the most startling dis-
coveries of our time, such as the rare gases of the
atmosphere (see Ramsay) and the radicelements (see
Curie and Richard¥) are directly attributable to the
Periodic Law.?

The same year that saw the publication of Mendeléeff’s
immortal paper, that is, in 1869, also witnessed the pub-
lication of his Principles of Chemistry, which in some

31t should be mentioned that Chancourtois in France, and
Lothar Meyer in Germany, also suggested periodic classification of
the elements. Lothar Meyer, in particular, with his atomic volumes
—the volumes occupied by atomic weights of the elements—was
able to uncover some striking analogies. Lothar Meyer and
Mendeléeff’s papers were published in the same year—1869. The
time unquestionably was ripe for some such formulation. In a
gimilar way, Darwin and Wallace, ten years earlier, unfolded the
origin of species quite independently of one another.
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Mendeléeff experienced as professor at the university.
Whether envious because of his reputation, or finding
him unacceptable because he was not a well-defined
autocrat, the Academy at Petrograd black-balled him.
The Ministry of Education considered him far too much
of a liberal, whereas many of the students were of the
opinion that he never went far enough. He does not
seem to have been particularly welcome in either
opposing camp.

Occasionally, because of his neutrality, Mendeléeff
attempted to act as mediator. On one of these occa-
sions, in 1890, after serious disturbances at the uni-
versity by the students, resulting, as usual, from the
ruthless suppression by the police of any semblance of
freedom of thought, Mendeléeff partly pacified the under-
graduates by promising to present their petition to the
Minister of Education. This was enough to bring down
the wrath of the official ministry upon him. In a very
sharp note he was told to steer clear of aught but what
concerned him as teacher of chemistry. Mendeléeff
felt this sting so deeply that he resigned from his chair
at the university. Some amends were made three years
later when Sergius Witte, the Minister of Finance,
appointed him Director of the Bureau of Weights and”
Measures—a post he retained until his death.

Those who have read his Principles can form some
opinion of what a stimulating lecturer Mendeléeff must
have been. We would have expected the author of the
Periodic Law to have emphasised the co-ordinated
links in the chain, and to have presented a unified
picture of the whole subject of chemistry. Such, indeed,
is the testimony of his students. Mr. I. Goldenberg
writes: “I was a student in the Technological Insti-
tute from 1867—9. Mendeléeff was our professor, and
in 1868 taught organic chemistry. The previous course
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by the professor of inorganic chemistry consisted of a
collection of recipes, very hard to remember, but,
thanks to Mendeléeff, I began to perceive that chemistry
was really a science.

¢ The most remarkable thing at his lectures was that
the mind of his audience worked with his, forseeing the
-conclusions he might arrive at, and feeling happy when
he did reach these conclusions. More than once he
said, ‘I do not wish to cram you with facts, but I want
you to be able to read chemical treatises and other
literature, to be able to analyse them, and, in fact, to
understand chemistry. And you should remember that
hypotheses are not theories.’

‘“ He was considered among the students a liberal
man, and they thought of him as a comrade. More
than once during a disturbance between the students
and the administration Mendeléeff supported the
students, and under his influence many matters were
put right.”

Prince Peter Kropotkin, the well-known Russian
socialist, was also one of Mendeléeff’s students. ¢ I
had the good fortune,” writes the Prince, * to follow,
in 1867-9, his lectures on both organic and inorganic
chemistry, The former was an abridged course, which
he had the admirable idea to deliver for us students of
the mathematical branch of the physico-mathematical
faculty.

¢. . . Imagine each of these notes [referring to the
footnotes in the Principles] developed into a beautiful
improvisation, with all the freshness of thought of a
man who, while he speaks, evolves all the arguments.
for and against, there on the spot.

“ The hall was always crowded with something like
two hundred students, many of whom, I am afraid, could
not follow Mendeléeff, but for the few of us who could
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it was a stimulant to the intellect and a lesson in sci-
entific thinking which must have left deep traces in
their development, as it did in mine.”

In 1863, two years after his appointment at the Tech-
nological Institute, Mendeléeff married his first wife
(née Lesthoff). With her he had a son, Vladimir, who
died in 1899 at the age of thirty four, and a daughter,
Olga. This marriage proved an extremely unhappy one.
For some time they lived apart, and finally they were
divorced. 'In 1877 he fell in love with a young lady
artist, Anna Ivanovna Popova, of Cossack origin, and
the two were married in 1881.

From his second wife Mendeléeff received his very
decided views on art. These found characteristic ex-
pression in a letter he wrote to the Russian daily, Goloss
(the voice) on the subject of a picture by Kouindji,
Night in the Ukraine: * Landscape was depicted in
antiquity, but was not in favor in those days. Even the
great masters of the sixteenth century made use of it
merely as a frame to their pictures. It was the human
form which inspired artists of that epoch; even the gods
and the Almighty himself appeared to their minds in
human shape. In this alone they found the infinite, the
inspiring, the divine. And this was because they wor-
shipped human mind and human spirit.

¢ This found expression in science in an exceptional
development of mathematical logic, metaphysics and
politics. Later, however, men lost faith in the absolute
and original power of human reason, and they discovered
that the study of external nature assists even in the
correct appreciation of the nature of the human inner
gelf. Thus nature became an object of study; a natural
science arose unknown either to antiquity or to the period
of the Renaissance.
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¢ Observation and experience, inductive reasoning,
submission to the inevitable, soon gave rise to a new and
more powerful, more productive method of seeking
truth. It thus became evident that human nature,
including its consciousness and reason, is merely a
part of the whole, which is easier to comprehend as
such from the study of external nature than of the inner
man. External nature thus ceased to be subservient to
man and became his equal, his friend. . . . Inductive
and experimental science became a crown of knowledge,
royal physics and mathematics had now to be content
with modest questioning of nature.

¢ Landscape painting was born simultaneously with
the change, or perhaps a little earlier. Thus it will
probably come to pass that our age will hereafter be
known as the epoch of natural science in philosophy and
of landscape in art. Both derive their materials from
sources external to man. . . . Man has, however, not
been lost sight of as an object of study and of artistic
creation, but he now appears, not as a potentate or as a
microcosm, but merely as part of a complex whole.”

Mendeléeff’s wife adorned his study with pen sketches
of such scientific celebrities as Lavoisier, Descartes,
Newton, Galileo, Copernicus, Graham, Mitscherlich,
Rose, Chevreiil, Faraday, Berthelot, Dumas, etc.

The family first lived at the university, then in a
house specially built for the Director of the Bureau of
Weights and Measures. In this house his children by
his second wife were born: Lioubov (Aimee), Ivan
(Jean), and the twins Maria and Vassili (Basile).

In appearance Mendeléeff was a genuine Slav.
Medium in height, rather powerfully set, with an abund-
ance of hair reminding one of a Paderewski, expressive
blue eyes, high cheek bones, an immense forehead, he
commanded attention wherever he went. At home he
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he published a pamphlet on Remarks on Public Instruc-
tion in Russia, in which there occurs the following:

¢ The fundamental direction of Russian education
should be living and real, not based on dead languages,
grammatical rules, and dialectical discussions, which
without experimental control, bring self-deceit, illusion,
presumption, and selfishness.”

Universal peace and the brotherhood of nations, says
Mendeléeff, with, we are afraid, a super-abundance of
confidence in his view, can only be brought about by a
vital realism in schools. ¢ For such reforms are re-
quired many strong realists; classicists gre only fit to
be landowners, capitalists, civil servants, men of letters,
critics, describing and discussing, but helping only
indirectly the cause of popular needs. We could live
at the present day without a Plato, but a double number
of Newtons is required to discover the secrets of nature,
and to bring life into harmony with the laws of nature.”

From such remarks the reader may conclude that
Mendeléeff was perilously near being a radical. As a
matter of fact this is no nearer the truth than the infer-
ence that because he used the third class railway com-
partment he was to be considered one of the people.
Mendeléeff, in fact, was regarded by many as a rigid
monarchist. The Russo-Japanese War, for example,

-found him in the camp of the jingos. The revolutionary
outbreaks during the war, and Russia’s defeat, un-
questionably hastened his end. Scientific Russia, which
had bestirred itself to great undertakings in 1g9o4 in
honor of the Master’s seventieth celebration, found itself
little encouraged in its proceedings by the broken spirit
in Petrograd.

When he was in his library and wrote articles, Mende-
1éeff described himself as an * evolutionist of peacable
type.”
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His attitude towards women was equally characteristic.
To show his broad-mindedness, he employed some of
them at the Bureau of Weights and Measures, and even
lectured to them. But he did not hesitate to make clear
that they were decidedly inferior to men in intellect.
Feminists, he declared, perhaps with some truth, aimed
not so much at equality of political position as at oppor-
tunities for work, to escape inactivity.

His day’s work done, Mendeléeff would retire to his
estate at Tuer, Boblova, and dine at six. Then he was
very fond of company, and could be seen at his best.
Mendeléeff at his best had hardly a peer, particularly
when the subject turned to the philosophy of science.
After dinner, if alone with his family, he would puff at
his cigarette and usually read books of adventure—
Fenimore Cooper, Jules Verne and the like. Some-
times, being really fond of literature, he would read
deeper things. Among Russians, Maicoff and Tutt-
cheff were his favorites; outside of his own country he
loved Byron best. Byron, as we shall see, was also
van’t Hoff’s literary hero.

The theatre saw Mendeléeff seldom, but music was a
favored form of recreation. In this field of art he had
decided preference for Beethoven. '

¢ But of all things I love nothing more in life than to
have my children around me;” which brings us to the
most lovable side of Mendeléeff’s personality, and -here
we shall leave him,

Mendeléeff died in 1907 from an attack of pneu-
monia. Just prior to falling into an unconscious state,
he had requested that Jules Verne’s Journey to the
North Pole be read to him.

Tolstoy commands no more dominating position in
literature than does Mendeléeff in chemistry. Both
belong to the world at large, and the world is thankful
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to them and to Russia for having enriched the intellect
of 50 many of us.
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precociousness is a practically universal phenomenon of
incipient genius, and the dreamy quality indicates that
original production of thought which lies at the basis of
all creative activity.” Even thus early he evinced a
passion for languages, for it is recorded that during
sermon time at church he read the French and German
texts of the Bible and translated them into English. In
after years, as president of an international scientific
gathering, he would astound the assembly by addressing
them successively in French, German and Italian.

His introduction to chemistry came in quite an unex-
pected way. A football skirmish resulted in his breaking
a leg, and to lessen the monotony of convalescence,
Ramsay read Graham’s Chemistry, with the object, as
he frankly confesses, of learning how to make fireworks.
During the next four years his bedroom was full of
bottles, and test tubes, and often full of strange odors
and of startling noises. But systematic chemistry was
not taken up till 1869, three years after he had entered
the University of Glasgow. Then, it seems, the passion
came on, and with it, a passion for the cognate science,
physics. This resulted in an introduction to William
Thompson (later Lord Kelvin), the professor, who set
the youngster upon the elevating task of getting the
“ kinks ” out of a bundle of copper wire, an operation
which lasted a week. Itis to be presumed that Thomp-
son was favorably impressed with the manner in which
this piece of research was carried out, for Ramsay was
immediately introduced to a quadrant electrometer and
asked to study its construction and use.

A year’s introductory study of chemistry decided
Ramsay upon his career, and with his parents’ blessing
he set out for Heidelberg in 1870, to be exchanged for
Tiibingen some months later. In Tiibingen ruled
Fittig, whose lectures were ¢ distinct and clear,”
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whose scholarship was sound, and whose research was
methodical. The two years spent at Tiibingen were full
of work and little play. ‘I was up this morning,” he
writes to his father, “ at 5.30 and studied and took my
breakfast from 6 to 7,—a class from 7 to 8, one from
8 to 9, from ¢ to 3 laboratory (I lunch now to have more
time for work, and don’t dine till 6), and from 3 to 5 I
studied, then from 5 to 6 lecture, and then I dined.
And now at 8 I must start again.”” And so this was
kept up—all the time, curiously enough, with emphasis
on organic chemistry, a branch of the science which
Ramsay almost wholly abandoned in his later and most
productive years—till the time for the Ph.D. examin-
ation. “On Monday at 7 it began and lasted till
half-past 12; then in the afternoon from 3 to 8, so
we had a good spell of it.” The questions in chem-
istry were: (a) the resemblances and differences be-
tween the compounds of carbon and silicon, and (b)
the relation between glycerine and its newer deriva-
tives and the other compounds containing three atoms
of carbon; in physics: (a) the different methods for
determining the specific gravity of gases and vapors,
and (b) the phenomena which may be observed in
crystals in polarised light. ‘I managed to answer the
first perfectly, the second however, not so well, and
the two questions in physics pretty well. Then to-night
we had the oral exam. The five professors who com-
pose the faculty were there. Fittig gave some very
difficult questions. Reusch (Physics), on the other
hand, very easy ones. . . . We had to dress up and put
on white kids, and I had to get a ‘tile’ especially for
the occasion. Then we were sent out after the exam,
for about 5 minutes and were then called in and formally
told we had passed:”
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A dissertation on “ toluic and nitrotoluic acids,”
which gave no glimpee of the future before him, com-
pleted Ramsay’s Ph.D. requirements, and he returned
to Glasgow, where he became assistant in the Young
Laboratory of Technical Chemistry. And now Ramsay
had to turn his attention from organic to inorganic chem-
istry, for most of the courses at the technical school
were devoted to the latter. Though the physico-
chemistry background was entirely lacking, and there-
fore the knowledge obtained could hardly have been
more than miscellaneous, innumerable facts were picked
up and stored for future reference.

An opening as tutorial assistant at Glasgow University
offered the possibilities of a more congenial academic
atmosphere, and also the hope of continuing his inter-
rupted research in organic chemistry. * The cellars of
the University Laboratory contained a large collection
of fractions of ¢ Dippel-Oil’ prepared by Professor
Thomas Anderson. These were regarded by Ferguson
(his successor), whose interest in chemistry was almost
entirely that of an antiquary, more or less in the light
of museum specimens, and he was horrified when Ram-
say suggested that he should be allowed to ¢investi-
gate’ them, but he eventually gave way to Ramsay's
importunity. The result was a very substantial addition
to our knowledge of the pyridine bases and their deriva-
tives.” !

The chemistry of dyes and explosives was not to be
his life work. How he turned from this to the more
mathematical branch of the subject is ascribed by
Ramsay himself to problems he encountered in attempts
to determine the molecular weights of some of his
organic compounds by the Victor Meyer vapor density
method. But we must also add that Ramsay, with that

18ir James Dobbie.
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teered a translation. The result was Ramsay’s appoint-
ment by a majority of one!

The stipend was fixed at a minimum of £400 ($2,000)
per year. ‘The professor,” read the contract,  will
be required to give three lectures per week for the
first two terms, say 6o lectures, together with class
instruction in connection therewith ... and a short
course of lectures in the third term. He will also be
required to superintend the laboratory during the whole
session, and to give evening lectures once a week during
the first two terms, together with class instruction in
connection therewith. . . . The scheme of the College
contemplates the possibility of occasional lectures being
delivered in neighboring towns by the Professor or his
assistant. . . . In connection with the Cloth working
Industry, special instruction in dyeing, etc, may be
required under an arrangement not yet concluded
with the worshipful the Cloth-workers’ Company of
London.”

The professor, not yet turned thirty, was to be kept
busy on the job, with very little opportunity for research—
an altogether minor consideration to the worthy coun-
cillors. But they had not reckoned on Ramsay’s energy
and capacity. Determinations of the density of gases,
of the specific volumes of liquids at their boiling point,
of the vapor pressures and critical constants of liquids
were soon in full blast. And then came those classical
determinations on the thermal properties of solids and
liquids, and on evaporation and dissociation, most of
which was done with his assistant, Young, which con-
tinued at full blast for the next five years until Ramsay's
transfer to London. This appointment came in 1887
By that time Ramsay’s reputation was such that the
following year he was elected an F.R.S. (Fellow of the
Royal Society). )
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In London his physico-chemical researches were
further extended. Among these, particular mention
should be made of perhaps the most brilliant of them
_ all—the measurement of surface tension up to the critical

temperature, which led to the well-known law supplying
us with a method for determining the molecular weight
of liquids. Here Ramsay had an able assistant in
Shields.

In 1890 the British Association met at Leeds, and two
of the great Continental founders of modern physical
Chemistry, van't Hoff and Ostwald, were present.
Ramsay, who represented the school in England,
naturally took a keen interest in this meeting. ¢ Ram-
say and Ostwald met for the first time as fellow-guests
in my house, which became accordingly a sort of cyclonic
center of the polemical storm that raged during the whole
week. . . . The discussion was incessant. . . . I re-
member conducting a party to Fountains Abbey on the
Saturday and hearing nothing but talk of the ionic
theory amid the beauties of Studley Royal. The climax,
however, was reached the next day, Sunday. The dis-
cussion began at luncheon when Fitzgerald raised the
question of the molecular integrity of the salt in the soup
and walked round the table with a diagram to confound
van’t Hoff and Ostwald. . . . Ramsay was no silent
spectator. Being a convinced ionist, he was eager in
helping out the expositions of Ostwald, whose English
at that time was imperfect and explosive, and his wit
and humor played over the whole proceedings. . . .
It was the beginning of relations of great mutual sym-
pathy and regard between Ramsay and Ostwald, which
lasted till they were divided by their respective national
sympathies at the unhappy outbreak of war.” 3

* Professor Smithells.
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Survey, in which he obtained a gas believed to be nitro-
gen from certain minerals, particularly one called
cléveite, but which was now suspected to contain argon
as well. Ramsay lost no time. From it he obtained
argon, to be sure, but also another gas, with a spectrum
all its own, which showed it to be identical with an ele-
ment present in the chromosphere of the sun, and which
until then had been considered peculiar to the sun.
Lockyer years ago gave the name ¢ helium ” to it, and
now Ramsay had rediscovered it on mother earth.
But let the discoverer himself tell the exciting news.
On the 24th of March, 1895, he writes to his wife:4
“ Let's take the biggest piece of news first. I bottled
the new gas in a vacuum tube, and arranged so that I
could see its spectrum and that of argon in the same
spectroscope at the same time. There is argon in the
gas; but there was a magnificent yellow line, brilliantly
bright, not coincident with but very close to the sodium
yellow line. I was puzzled but began to smell a rat.
I told Crookes,® and on Saturday morning when Harley,
Shields, and I were looking at the spectrum in the
dark room a telegram came from Crookes. He had sent
a copy here” and I enclose that copy. You may wonder
what it means. Helium is the namne given to a line
in the solar spectrum, known to belong to an element,

¢Ramsay married Margaret, daughter of George Stevenson
Buchanan, in August, 1881, soon after he had been appointed
Principal of Bristol College—a position he attained one year after
his arrival in Bristol. This union proved a particularly happy one.
“To have such a helpmate as my wife has brought me happiness
which I must acknowledge with the greatest thankfulness.” And
at a later date he wrote to a friend: * You have got a good son
and daughter and that is much to rejoice at. So have I.”

§ Sir Wiliam Crooks, the famous physicist and chemist.

¢ His two assistants.

712 Arundel Gardens, their home.
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a very happy episode in a very happy life; for my life
has been a very happy one.” :

Ramsay was many-sided. He was an excellent ex-
ample of the very opposite of Punch’s dry-as-dust
philosopher. Among musicians!®* and among artists!®
he held his own, for he was an accomplished amateur in
both groups. As a linguist he probably has had few
equals among scientists. And those of us who, as late
as 1912, heard him move a vote of thanks to Professor
Gabriel Bertrand, of the Sorbonne, after the latter’s
lecture to the members of the International Congress
of Chemists, will have formed a pretty good picture of
his charm and ability as a speaker. .

Of the many letters that have been preserved, perhaps
none sums up so well the characteristics of Ramsay as
the followifig, written to his friend, Dr. Dobbie:

“LE HAVRE,

¢ Monday, the Something or other August, 1877.

¢ My dear Dobbie,
¢ Some fool of a Frenchman has stolen all the paper
belonging to the French Association, and has left only
this half sheet with Le Havre at the top. From the pre-
ceding sentence you will have already guessed that the
French Ass. is capering around Havre at present, that I
form one of the distinguished foreign members, and

1 ¢« ] gpent many evenings at their home, where William (Ram-
say) enlivened the company with songs, which in later years were
greeted with enthusiastic applause by his students at social evenings
of the University College Students’ Club. . . . He had a very
good voice, played his own accompanyments, and was an expert

whistler.”—Otto Hehner, a friend.

16 ¢ Another amusement of Ramsay’s was sketcbing in water
colors, an art in which he possessed no inconsiderable share of
the talent which belongs t0 his cousins, Sir Andrew Ramsay’s
family,”—Sir James Dobbie.
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Glasgow. My money is about done, so I must bolt.
« « « By the way I forgot to tell you that I had the cheek
to read a communication on picoline, in French, which
was received with loud applause. There was some
remarks made afterwards very favorable, tho’ I say it as
shouldn’t say it. Adoo. Write to Glasgow and tell
. me Wie’s Geht. ¢ Yours very Sincerely,

“W. RAMSAY.”
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The great promise he had shown, and the hearty sup-
port which he received from Cooke, enabled Richards to
secure one of those valuable Harvard Travelling Fellow-
ships, and during 1888-89 he spent much of the time at
Géttingen, where he became acquainted with Victor
Meyer and his vapor density method, Walter Hempel
and his gas manipulations, and worked directly with
Paul Jannasch on the estimation of oil of vitriol in the
presence of iron. Onhis way home he stayed in England
long enough to form friendships which were to prove
life-long.

‘What Richards got from his travels abroad is much
what the young graduate gets by attending large sci-
entific gatherings; he saw in flesh and blood men whose
fame had reached him, he was introduced to some of
them, and caught their enthusiasm and lofty vision.

On his return to Harvard Richards was appointed to
an assistantship, and two years later he became an in-
structor. Needless to add, the interrupted work on

as targets in an X-ray bulb, has shown * that there is in the atom
a fundamental quantity, which increases by regular steps as we
pass from one element to the next. This quantity can-only be the
charge on the central positive nucleus.”—Mosely, quoted by Lowry,
Historical Introduction to Chemistry, p. 493, 1915. (See also the
article on Madame Curie.) Mosely’s ¢ quantities,” the * atomic
numbers,” are the source of much scientific activity at present.
Of Mosely, the author of these ¢ atomic numbers,” who was
killed in the Great War, Prof. R. A. Millikan, the distinguished
physicist of the University of Chicago, has this to say: *“In a re-
search which is destined to rank as one of the dozen most brilliant
in conception, skilful in execution, and illuminating in results in
the history of science, a young man but twenty-six years old threw
open the windows through which we can now glimpse the subatomic
world with a definiteness and certainty never even dreamt of before.
Had the European war had no other result than the snuffing out
of this young life, that alone would make it one of the most hideous
and most irreparable crimes in history.”
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atomic weights was resumed with vigor. Some finish-
ing touches which he gave to his copper work, in the
course of which barium in the shape of one of its salts had
to be used, pointed to the next line of attack. His
results led him to the view that the atomic weight of
barium was even less well known than that of copper
had been.

We see that the elements were never selected at
random, but like most careful and thoughtful work, one
experiment led to another, and each succeeding experi-
ment showed elaborate improvements over its prede-
cessor. Thus in this barium determination Richards
first carefully chose a compound of the element which
could be easily prepared in the pure state, which could
be dried without decomposition, and which could be
readily analysed. The compound once selected, it was
now prepared in no less than seven different ways, and
each one was found to have the same composition. Such
was the accuracy of the procedure that two of the results
for the atomic weight of barium differed by no more than
one six-thousandth of an ounce, and these were shown
to vary markedly with the value then in vogue.

The errors which other experimenters had fallen into
with their barium determinations made it more than
probable that those errors had been repeated with
- strontium, an element chemically very closely allied to
barium., Such, indeed, proved the case; and here, as
before, new figures were given and the old errors ex-
plained.

In this strontium experiment Richards set a record
for exact methods of procedure which have never been
surpassed, and which formed the basis for most of his
subsequent work on atomic weights. Here, also, by
the introduction of his bottling device, which gave assur-
ance that purified materials could be kept uncontami-
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German Government, Richard was selected as Exchange

Professor at Berlin University for that current year, and

during his brief stay there he introduced some of his

classical experimental methods into German laboritories.
Before his departure from Berlin, Richards delivered
an address to the members of the German Chemical

Society. From a description in the Chemiker-Zeitung

we gather that the big amphitheatre in the Hofmannhaus

(the headquarters of the Society) was filled to over-

flowing, ¢ scholars from every part of the country being

attracted.” Among the audience were such well-
known chemists and physicists as Graebe (the president),

Emil Fischer, Landolt, Nernst, Lampe, Brauner, Lieber-

- mann, Buchner, Planck, Pinner, Ladenburg, Gabriel,
Witt, Bernthsen, Warburg and Biltz. Richards’ address,
dealing with his later researches on atomic weights, was
received with much enthusiasm (* Der Vortrag wurde
mit ausserordentlichem Beifall aufgennomen ), and
the president in his comments, declared that the two
foremost authorities on atomic weights in the last
hundred years, Berzelius and Stas, now gave way to
Richards. ¢ The light, which before radiated from
Europe to America, is now brilliantly reflected back
again.” .

It has been emphasised that Richards’ atomic weight
determinations were merely a means, and that the end
in view was a deeper kmowledge of fundamentals. This
led him to investigate other properties of the elements
besides weight, such as compressibility, melting pointy
etc. The development of a theory which assumed thatc
atoms, and not merely the spaces between them, are>
compressible has borne wonderful fruit, and has splem—

- didly correlated many properties of matter. “Imy
developing this theory, I endeavoured always to avoid
confounding hypothetical inferences with reality, tryisng&
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In 1911 Richards was presented with the Faraday
Medal of the English Chemical Society, and on this
occasion delivered an address The Fundamental
Properties of the Elements, which is one of the most
stimulating the present writer has ever read. Of the
~ impression it made on its hearers, Prof. Dixon’s opinion

may be quoted:* ¢ We have listened to-night to a
story that is more entrancing than any fairy tale, because
as we followed the flight of the lecturer’s imagination,
we knew that that flight was surely guided and controlled
by a man who has measured and weighed the elements
with an accuracy hitherto unknown. Concerning the
weights of the element, our old European ideas of
finality have been overthrown by Professor Richards
and his school, and we are at this moment seeing the
fulfilment of the prophecy of Canning when he said,
¢I look to the new world to redress the balance of the
old.”?

The following year Richards was appointed to the
Erving Professorship of Chemistry and made Director
of the Wolcott Gibbs Memorial Laboratory, a post which
he still holds.

This Wolcott Gibbs Laboratory, which was completed
in 1913, and which is devoted exclusively to research in
physical and inorganic chemistry, was named after one
of Harvard’s professors of chemistry. Its erection was
made possible through the generosity of the late Pro-
fessor Morris Loeb, himself a pupil of Wolcott Gibbs.

in the ore. Until the Harvard experimental results were announced
‘this atomic weight was represented as 63.2; whereas the experi-
ments showed the figure to be 63.6. Evidently this difference of
two-fifths of one percent means an increase in value to the seller
of about $4,000 on one million dollars’ worth of ore.

3 Dixon is professor of chemistry at the University of Manchester,
and one of the past presidents of the English Chemical Society.
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of Arts and Sciences. He is a member of most of the
scientific organisations of Europe and America.

Here is a reporter’s description of the man and his
surroundings: “ You find the offices of the director on
the second floor. Presently the door of the inner room
opens and you hear the conclusion of a little conference.
« » « There are some remarks about ¢ the determination
of Q and the elimination of that error,’ and then you
are invited into the private apartment of Professor
Theodore William Richards. . . .”

¢ The room is large and cheerful and the visitor is -
slightly surprised to note that it contains few tokens of
the laboratory work to which the building is dedicated.
. « « The eye catches at once an artistic portrait upon
the wall of a chemist at work with his retorts and tubes,
and inquiry secures the information that this is a photo-
graph of a Burne-Jones painting of [the late] Lord
Raleigh, the Chancellor of Cambridge University [and
the renowned physicist]. Above the mantle stands a
portrait of Michael Faraday.

“The visitor expresses some surprise as he notes
" also that several water-color drawings adorn the room.
¢ Is there any reason why such a room should be devoid
of beauty?’ asks the Director, and later you learn that
Prof. Richards himself likes to sketch. . . . Two of the
water colors are the work of his father, one a scene at
Monhegan, the other a view of rocks, shale and waves at
Newport.

¢ Meantime you have been studying the man himself.
He is of medium height, sturdily made, with grey hair,
eyes that look keenly through his glasses, and a genial
manner. His face is oval, the smile comes readily—
he confesses to a feeling of humor, as might be surmised
from the twinkle that frequently is caught lurking in his
eyes—and the movements are quick and definite. The

76




THEODORE WILLIAM RICHARDS

general impression is that of a business man with many

. affairs pressing upon his attention rather than that
fancy which most persons have of a chemist working
with minute and patient care upon some scientific
problem.” i

And now let Prof. Richards act as autobiographer:
¢ Although I have been able to accomplish only a very
small part of that which has been planned, the work has
interested the chemical world beyond all expectation;
indeed the possibility of much outside interest had not
been anticipated. . . . The splendid Nobel Prize (which
has grown to be world-renowned above all other forms
of recognition, not only because of its magnificence
[some $40,000 go with it] but also because of the list
of great men whose names grace its earlier records),
gave pleasure which it is impossible to exaggerate.

“ The award will be a lively inspiration to try to do
better work in the future, and, moreover, its provisions
will help to smooth the way toward more accomplish-
ment, both by providing help for the present, and by
relieving worry for the years to come.

¢ All those marks of kindness and generosity on the
part of one’s friends and colleagues bring great satis-
faction and happiness; but they cause also a sense of
humility and responsibility. One cannot help wishing
that one’s incomplete attainments, so richly rewarded,
came nearer to the ideal; and one cannot help feeling
that he must strive doubly hard in the future to be worthy
of having received such great tokens of confidence and
honor.”

Richards, together with his students, has thus far
published some 200 papers—the results of research.
Many of them have become classics in our science. Yet
Richards is very little over fifty to-day. What may we
not expect in the years to come!
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Elegy on the Death of a Lady Student at Bonn

Thy day is done, young champion of the free!

Thy glory and thy suffering are past,

As a weak beauteous flower’s, where no tree

Can shelter it from cruel Autumn’s blast;

Which dies in silence lovely to the last;

Gone as a day in spring, gone as the dream

Of one that wakes no more; and must it be

That thoughtful loneliness passes unseen,

Oh! shall thy hapless lot be lost in Lethe’s stream!

This is not Byron, and yet not so bad for a young
chemist, writing in a language not his own.

Fortunately for our science, van’t Hoff did not receive
much encouragement from a fellow poet, and once again
he turned his eyes to chemistry and Bonn and Kekulé.

Here for the first time van’t Hoff came into a new
world. A celebrated university, situated where there
were

A blending of all beauties; streams and dells,

Fruit, foliage, crag, wood, cornfield, mountain, vine,
And chiefless castles breathing stern farewells
From gay but leafy walls, where Ruin greenly dwells,

with students from every corner of the globe, and with
a life so utterly at variance with his experiences hitherto,
what wonder that his sensitive nature was filled with
love and poetry for the place? ¢ The laboratory is a
temple!” writes he to his father; ¢, .. and in the
lecture room there are to be seen daily about a hundred
of our most promising young men, gathered from ten
different states, to hear and to see Kekulé, whose fame
has spread itself over half the world.”

In the laboratory van’t Hoff worked with twelve others
at research in organic chemistry, and came into immedi-
ate contact with the assistant, Wallach, whose work on
the terpenes and camphor was to become epoch-making.
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state of health.! Hayfever was a regular yearly visitor,
and in later years tuberculosis added to his afflictions.?

Van’t Hoff’s wife and four children, Johanna Francina
(b. 1880) (who married privat-docent Ulrich Behn in
1905), Aleida Jacoba (b. 1882) (who married Dr. Charles
W. Snyder, of Baltimore), Jacobus Hendricus (b. 1883),
and Govery Jacob (b. 1889) survive him,

Addendum
van’t Hoff in America

On the occasion of its tenth anniversary, the Uni-
versity of Chicago invited some distinguished foreign
scholars to attend its celebration. Among these was
van’t Hoff. Whilst on his journey van’t Hoff kept &
brief diary which has since found its way into Ernest
Cohen’s life of the great Dutch chemist.

No sooner were the necessary arrangements com-
pleted with Nef, representing the University of Chicago,
than further invitations began to pour in from the
American Chemical Society, from Yale, from Richards
at Harvard, from Bancroft at Cornell, from Loeb at
Wood’s Hole, etc.

With his wife by his side, and with a dose of sodium
cyanide in his pocket, to be used in case of accident—a
typical European custom—van’t Hoff set sail from
Rotterdam on May 21, 1901. Being a Dutch celebrity,

14 Van't Hoff . . . not only worked under high tension, but he
seemed to live under high tension. When one saw him on the
street he moved as if on rubber, and this kind of living would, in
time, of necessity react upon the nervous system.”—Prof. Harry C.
Jones.

% « yan’t Hoff, as is well known [to whom?7] contracted tubercu-
losis, probably while studying an eruption of Vesuvius. He thought
that the dust lacerated his throat and lungs, and that the fubercle
bacillus then began its work.””—Prof. H. C. Jones.
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The first part of the celebration consisted of a reception
tendered by Mr. Rockefeller. Here he made the ac-
quaintance of Stieglitz and Alexander Smith. In the
afternoon van’t Hoff delivered the first of his promised
addresses, and this duly made its appearance in Science.
Later on, Nef took him to a baseball game which was to
be played between Chicago and Michigan, and here, for
the first time, van’t Hoff really understood just what
baseball is. It would seem that while in Washington he
had one day watched a steamer crowded with lively
young girls depart for a baseball game. At that time our
learned professor was of the opinion that baseball was
some sort of a dance!

In the evening the president tendered a dinner to his
guests. Van’t Hoff was seated between M, Cambon,
the French Ambassador, and Professor Goodwin, of
Harvard. Goodwin considered van’t ‘Hoff’s speech on
the occasion—* American Ideals ”—the best, because
it was the shortest! Rockefeller’s presence made wine
or beer out of the question.

Following this came the general reception, which
was most noteworthy for the immense crowd that had
gathered there. Van’t Hoff retired to a quiet cornet
with Alexander Smith, ‘“an extraordinary tall col-
league.”

The following day—June 18—began with the laying
of the foundation stone. The heat was terrific, and poot
van't Hoff fell quite asleep during the long-drawn-out
speeches.

Then came the awarding of degrees. All the honorary
recipients were there, with the exception of the Russian,
who had got his dates confused because of too
close to his Russian Calendar! \

Fully one half of the students who received degrees
were girls. This was an excellent augury for the future,
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thought van’t Hoff, and the thought he conveyed to an
acquaintance sitting near-by. This man explained the
University’s point of view by saying that the authorities
did not greatly encourage the girl graduates to seek
positions, but did like to see these same girls marry rich
men., Why? Because it would then be the duty of
these girls to interest their rich husbands in the needs of
the University. Was the man serious?

van't Hoff was among a few to receive the honorary
degree of Doctor of Laws.

At 1 P.M. came the alumni dinner, and van’t Hoff was
honored by being seated next to Rockefeller. Very
little conversation was carried on with the oil magnate,
because this gentleman seemed much too preoccupied
with his coming speech. When Rockefeller’s turn did
come, he commenced with a story about a negro who was
asked what he thought of Jesus, to which the negro
replied, “I have nothing against Him.” With this,
Rockefeller turned to the public and said, “I have
nothing against you.” Van't Hoff does not tell us how
the millionaire further developed his speech.

Again not a drop of alcohol on the table! Again
Rockefeller’s influence!

The next four or five days were mainly occupied with
the preparation and deliverance of the lectures—since
published and translated into English by Alexander
Smith. '

On the 24th of June van’t Hoff departed for Cam-
bridge. At Boston he was met by Richards, who had
provided for his comfort as liberally as had Nef at
Chicago.

On the 26th, which was the day of Harvard’s Com-
mencement, van’t Hoff was presented for his honorary
degree as “the greatest living physical chemist,” a
statement which was received with much applause. The
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lunch at Memorial Hall which followed was chiefly
memorable because of Roosevelt’s presence. The well-
advertised teeth showed prominently. The evening was
spent at the homes of Richards and Miinsterberg. The
following day, with Jackson and Richards as guides,
Boston’s sights were carefully inspected. In the evening
he was the chief guest at a dinner which included Presi-
dent Eliot, Richards, Jackson, Pickering, Trowbridge,
Hill, Michael and Bancroft. Gibbs and Crafts sent
regrets. Van't Hoff was seated next to Eliot, who dis-
cussed with him the possibility of losing Richards, at
that time considered as a probable candidate for the
chair of chemistry at Gé6ttingen—an unusual distinction
for an American. '

Van’t Hoff took his departure from this country highly
impressed with all that he had seen. He prophesied
that within fifty years American universities would
seriously rival those in Europe. It is but nineteen
years since he has been here, but his prophecy has
already come true.
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“1 came to my professor, Cleve, whom I admire
very much, and I said, ‘I have a new theory of elec-
trical conductivity as a cause of chemical reactions.’
He said, ¢This is very interesting,” and then said,
¢ Goodbye!’ He explained to me later [when Arrhenius
was presented with the Nobel prize] that he knew very
well that there are so many different theories formed,
and that they are all almost certain to be wrong, for
after a short time they disappear; and therefore by
using the statistical manner of forming his ideas
he concluded that my theory also would not exist
long ” [1]

Newlands’ Law of Octaves anticipated the Periodic
Law, but the ridicule that was heaped upon it by mem-
bers of the English chemical society completely dis-
couraged him. Not so Arrhenius. Having failed in
his own country, he turned to foreign lands and wrote to
Clausius, Thomson, and—again by a happy inspiration—
Ostwald. The first two replied in a friendly tone:
¢ They were glad to make my acquaintance, but not
much more.”

Ostwald, however, was deeply impressed. He had
worked much on the chemical activity of acids, and now,
with the help of Arrhenius’s dissertation, he investigated
their electrical activity, and found that the two ran
proportionally.

In later years, when Arrhenius’s theory had well nigh
assumed the majesty of a law, Ostwald was fond of
relating how he got, on the same day, the Swede’s dis-
sertation, a toothache and a nice daughter. ¢ That was
too much for one day,” was Arrhenlus’s comment;
¢ the worst was the dissertation, for the others developed
quite normally.” ’

¢ The worst was the dissertation.” Quite true. The
struggle was but in its infancy.
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idea. ¢ Cleve threw a look at me which clearly showed
that he didn’t think much of my chemical knowledge.”

The university authorities granted Arrhenius the
doctor’s degree, but their commendation—* non sine
laude approbateur "—showed that the dissertation had
aroused no great enthusiasm in their breasts.

Arrhenius now decided to do what many an American
prodigy has been forced to do: he decided to leave his
country and fight for recognition in foreign lands. He
knew well enough that should he come back crowned
by the approval of the great masters of Europe, the
former scoffers would become his loudest admirers.
So he made arrangements to accept Ostwald’s hospitality
in Riga and pursue further investigations at the poly-
technic school there.

Both met later at the Naturforscher-versammlung
(similar to our Association for the Advancement of
Science) in Magdeburg, with the object of proceeding
to Riga together after the conclusion of that gathering.
But the illness of Arrhenius’s father temporarily upset
all plans, and Arrhenius returned home.

His father died in the spring of 1885, and about a
year later Arrhenius set out for Riga, materially eased
by a stipend which he had received from the Swedish
Academy at the earnest solicitation of his teacher,
Edlung.

Ostwald had set aside part of his own private labora-
tory for Arrhenius’s use, and though the two did not work
together, they had ample opportunity for intimate dis-
cussion, and this led to a friendship which grows stronger
day by day.

After spending the winter, spring and summer with
Ostwald, Arrhenius, true to his undertaking, left for
Wiirzburg to study under Kohlrausch. Here he came
upon van’t Hoff’s celebrated memoir on osmotic pres-
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verbal cannon which in intensity has been equalled only
by a former meeting of this organisation in which Huxley
and a bishop played a leading role (see Ramsay). In
Berlin the wise privat-docenten spoke learnedly of
immature thoughts based on a quicksand foundation.
One or two did hint that an idea or two was not wanting,
but that only a Helmholtz could have developed these.
Even in far-off America Kahlenberg, of Wisconsin, the
leading anti-ionist, concluded from his studies as late
as 190o! that the dissociation theory was incorrect and
doomed to early extinction. But just as in England the
agent for the firm of * Ions * had a pretty skilful repre-
sentative in the person of Ramsay, so here H. C. Jones,
and later T. W. Richards, A. A. Noyes, W. D. Bancroft, J.
L. R. Morgan, and others who had imbjbed their knowl-
edge from the Leipzig school, proved able defenders.

In the meantime the ¢ wild army of Ionians,” as
Horstmann had dubbed the celebrated trio, were making
no end of noise throughout Europe. Leipzig became the
headquarters of the concern, and Ostwald the director.
Ostwald’s great Lehrbuch der Allgemeinen Chemie, his
Zeitschrift and his splendidly equipped physico-chemical
laboratory which the university authorities had specially
built for him, attrcated enthusiastic students from all
over the world who, with their Ph.D.’s in their pocket,
with their minds filled with their “ionic? disserta-
tions and Ostwald’s “ionic” lectures, and, what is
far more to the point, with an understanding, after several
years of earnest study, of the true merits of the case,
spread the new gospel far and wide.

11t should be added, in justice to Kahlenberg, that some of his
criticisms cannot be lightly passed over. That there are imper-
fections in the theory Arrhenius himself has been the first to admit,
but it is hard to see how, when it has helped to explain so much in
our science, it does not contain the germ of some great truth.
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Moissan’s electric furnace.

Moissan’s apparatus for preparing fluorine. [Reproduced
from Moissan’s books.]
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devotes a chapter to his experiments on the diamond.
Sir William Crooke’s article on artificial gems in the
Encycl. Britannica (6) is well worth consulting.
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preserve the peace of Europe. Chopin and Sienkiewicz
no longer live to witness this glorious day, but Conrad
from London and Mme. Curie from Paris can watch
Poland’s revival and its effort to rehabilitate itself
among the nations.

Miss Skiodofska did not arrive in Paris as a conquering
hero. Far from it. Her pockets were empty and her
acquaintances few. She established herself in the
¢ east side ” section of the town, in a small back room,
four flights high, to which she carried her own coal.
Her diet consisted of bread and milk for so long that,
as she herself has said, she had to acquire anew the
taste for wine and meat. Ten cents were her daily
expenses, and this she made largely by private tutoring,
and later, by preparing the furnace and washing bottles
at the Sorbonne.

To other geniuses, Ramsay and van’t Hoff, for ex-
ample, such struggles were unknown. They were given
what they wanted and were encouraged to do their best.
The struggle for existence was not a problem to them.
To Mme. Curie, once outside her father’s home, this
struggle became paramount. Yet to conclude from this,
as many wiseacres are fond of telling us, that the struggle
made the woman, is as near the truth as to conclude
that its absence made Ramsay or van’t Hoff. Material
comforts make the path easier, and their absence make
it infinitely more difficult. That Madame Curie did not
succumb, as many another budding genius has under
like circumstances, is an accident as a result of which
the world has been made much the wiser.

In those days the head of the physical science depart-
ment at the Sorbonne was Gabriel Lippmann, whose
pioneer work in color photography is known wherever
physics flourishes. He was attracted by the superior
knowledge which Miss Sklodofska showed in the execu-
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The plan adopted by the Curies was to submit each
fraction to the electroscopic examination. Naturally the
greater the conductivity, the more active the fraction.
In this way a constant and invaluable check on the experi-
ments was always at hand.

The large quantity of raw material made it necessary
to conduct the initial experiments in a factory. The
quantities were gradually narrowed down until the test
tubes of the laboratory could hold them comfortably.
The fraction containing the common element bismuth
showed the presence of a powerful radioactive sub-
stance, which, after many trials, was partially separated
and named polonium, in honor of Madame Curies
native country.

Further examination showed that the fraction con-
taining the element barium had even more powerful
radioactive properties, and by some of the most ex-
haustive and painstaking experiments in the history of
our science, recalling those of Welsbach on the rare
earths, Madame Curie succeeded in separating a salt
of barium from the salt of the new element, to which she
gave the name of radium. Radium as an element had
baffled all attempts at isolation in the pure state until
1910, when our heroine solved this problem, but even
the salt of radium showed itself to be two and a half
million times as active as uranium!

The radiations from radium were shown to ionise air,
to act on photographic plates, to change the color of
minerals and gems, to impart a deep violet color to the
glass tube which contained the radium salt, to convert
ordinary oxygen to its more active form, ozone, to pro-
duce traces of peroxide of hydrogen in the presence of
water, to destroy minute organisms, and to kill cells of
skins and produce sores.
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trons ’), and are shot out with a velocity equivalent to
light. They are identical with Crookes’® ¢ cathode
rays.”

A powerful magnetic field will bend the a-rays in
one direction and the g-rays in the opposite direction.
The magnet has no effect upon the y-rays. These last
are identical with the X-rays. The X-rays are further
" distinguished by their penetrating power. Whereas
the a-particles are stopped by a sheet of paper or alumi-
nium foil one two-hundred-and-fiftieth of am inch in
thickness, and the @-rays pass through gold-leaf and
through aluminium foil up to two-fifths of an inch in
thickness, the y-rays penetrate thick layers of metals.

The stoppage of these various particles by the air
molecules with which they come in contact generates
much heat. One of the most remarkable things about
this remarkable element is that the temperature around
radium is about three degrees higher than the tempera-
ture beyond its immediate neighborhood. To put this
in another way, radium emits every hour enough heat
to raise the temperature of its own weight of water from
the temperature of ice to that of the boiling point of
water. And what is more amazing still, its heat-ges-
erating power seems to be inexhaustible.

In 1902 Rutherford and Soddy advanced their * dis-
integration ”” theory, which leads us to believe that the
a-particles obtained from radioactive elements such as
radium and uranium are due to the disintegration of the
atoms of these elements. All subsequent studies have
brilliantly confirmed their hypothesis. Whereas chemi-
cal changes are changes brought about between atoms,
radioactivity results from the changes within the atom,
and unlike chemical reactions, we have no known
methods of controlling radiactive changes, We cannot
start them and we cannot stop them. The temperature
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brought fram Sintipast to replace him, and Meyer
found him a competest substilute. * 1 have givea him
reems in the laberatery,” he wriles; *this is of the
“Msmhm“bms-d
werk. He is very cemscieatious—s0 mach so, that |
think I shall sead for ansther eme of my Stutigart
pupils.”

Satisfied as he was with the assistants he imported,
Meyer was far from satisfied with the assistants he found,
or with the cool reception accorded him by the students.
In Stuttgart he was the idol of his pupils; here the men
had little sympathy with one s0 much taken up with the
theoretical aspect of the subject. “ One single publi-
cation on some cheese preparation makes one far more
celebrated in Switzeriand than one thousand discoveries
in the field of pure organic chemistry,” he writes bitterly.
But the day was to come when the Swiss were to vener-
ate him, and the day was also to come when Meyer would
love his Ziirich students and the Ziirich atmosphere.

From the very first he had his hands full. “] am
very busy,” he writes, * as you can conclude from the
following: I devote eight hours to lectures in organic
chemistry, two to lectures on analytical chemistry, two
to metallurgy (in place of Kopp, who is in Vienna), and
besides this I have to superintend Kopp’s as well as my
own laboratory.” But this did not prevent him from
pursuing his research work. In the month of July he
records the synthesis of diphenyl-methane from benzoyl
alcohol and benzene. This compound, which melts at
26° C., Meyer placed on his writing table, and used it
in place of a thermometer. At ten in the morning, if
the substance was in a molten state, the Herr Professor
would announce that weather conditions made it im-
practicable to pursue any work in the laboratory; and
then professor and students would go bathing. On one
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V. Meyer’s apparatus for determining the vapor deasity, a factor ¢
importance in deducing the constitution of compounds. [Repr
from the Berichte der deutschen chemischen Gesellschafi
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The summer vacations were usually speat in Heligo-
land by the sea. Here, in company with his frieads,
Liebermann, Tollens, Ebstein, and occasiomally Kirch-
hoff, the weeks were passed in recuperation and inter-
change of views.

In the fall of 1888 his quiet life gave place to days of
great sgitation.

On November 11 he writes to his brother: * Con-
fidential! Yesterday I received an official commwuni-
in Heidelberg in succession to Bumsea. They are
ready to do anything I want them to do. But not a soul
must know of this till next Thursday. On that day the
new chemical building will be officially opened, and were
this news to leak out then, it would cause a great scandal.
What shall I do, unlucky man that I am! The greatest
piece of good fortune in the world, and yet here I am—
a most dissatisfied beggdar.” To Baeyer he writes:
¢ I must write to you in the very first place. I am not
far wrong when I surmise that you have had a great
deal to do with the honor that has come to me. My
debt of gratitude to you is forever on the increase. The
Minister of Education writes that the Faculty and Senate
have nominated me unico loco, and that Bunsen was
particularly desirous of seeing me succeed him.”

In Berlin, where negotiations were begun, Althoff,
the minister, was as bent upon retaining Meyer—at least
in Prussia—as the Heidelberg authorities were beat upon
getting him, He held out the assurance that Meyer
would be the logical successor to Hofmann in Berlin,
as Helmholtz and the majority of the faculty there had
declared themselves in his favor. ‘I brushed all this
aside,” writes Meyer, “ and told Althoff that I hoped
Hofmann would write a nice obituary notice of me in
the Berichte.” Not even the title of Geheimrat, which
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c HIMIE

L’Académie Royale des Sciences de Suide dans sa
séance du 11 novembre 1902, a décidé conformément
aux prescriptions du testament d’Alfred Nobel en date
du 27 novembre 1895, de remettre le prix décerné cette
année * 3 celui qui aura fait la découverte ou I'invention
le plus importante dans la domain de la physique” a

EMIL FI

en reconnaissance des méri ents dont il a fait
preuve par ses travaux synthétiques dans les groupes
du sucre et de la purine. )
Stockholm, le 10 decémbre 1902.
Hj. Théel

CHR. AURIVILLIUS

If the sugars and the purines deserved the Nobel
prize, no prize yet founded is big enough and important
enough as a reward for Fischer’s protein studies.

In 1907 the Faraday medal of the English Chemical
Society was presented to Fischer. This entailed a trip
to England to deliver the Faraday lecture—an invitation
which had been extended once before in 1895, but which
ill-health at the time prevented from accepting.

The historic lecture, largely taken up with a discussion
of the chemistry and significance of the three great
classes of foodstuffs, was delivered in the theatre of the
Royal Institution, on October 18th of that year, with
Sir William Ramsay, president of the Society, in the
chair. In presenting the medal Ramsay remarked that
it was awarded “ as a testimony of our great regard for
you as our foreign member and of our affection for you
as a man.” Within seven years a bloody war was to
twist affection into the deepest hatred.
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¢ Caffeine,” proceeded Fischer, * was now obtained
largely from uric acid, which, in its turn is a constituent
of guano.! The chemist may apply to such substances
the remark made by the Emperor Vespasian concerning
the tax-money which came to him from an unclean
source: non elet (it does not smell).”

A sample of adrenalin, the active constituent of the
suprarenal glands, which plays such an important part
in the regulation of blood pressure, was also exhibited
and its value discussed, and with characteristic German
egotism, its isolation, chemical composition, as well as
its synthetic production, were claimed for Germans.
Not a word was said of Abel, of Johns Hopkins, the
pioneer in this field, nor, while touching on the fasci-
nating chapter of * hormones,” or body regulators, was
any mention made of the two immortals and insepar-
ables, Bayliss and Starling, of University College,
London. However, what followed smacks of the now
celebrated ‘2 and 75 percent.” ‘A skin surface
well charged with blood—as for instance a red nose—
is instantly rendered quite pale on painting it with such
a solution.” ¢ Unfortunately,” proceeded Fischer, amid
the shrieks of the audience, ¢ it does not last.”

Next, and the last among the list of drugs, came the
¢ 606,” or salvarsan, the great discovery of Ehrlich,
who, by the way, composed one of the audience at this
lecture. .

The final phase of the discourse dwelt upon the re-
markable development of the synthetic scents, which,
even in 1911, gave rise to a production of over ten
million dollars’ worth, and which is now a serious com-
petitor of natural flowers. A sample of ionone, the
artificial violet scent, contained enough material, we

1 Uric acid is as important and characteristic an excrement of
birds as is urea of man.
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